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(57) ABSTRACT

A front projection screen 1ncludes a plane base layer forming
a plurality of parallel outwardly-protruding annular bars on
the light-reflecting side surface thereof. Each bar contains an
outside surface facing the projection light source and being
a light-reflecting portion, and an outside surface not facing,
the projection light source and being a stray-light absorbing
portion. The two surfaces intersect each other. All bottom
interfaces between the bars and the base layer are 1n a
common plane. All outside surfaces of these bars have a
common focus point. The outside surface 1s arranged 1n such
a manner that the outside surface of each bar does not block
the projection light incident on the whole outside surface of
its adjacent bar.

17 Claims, 3 Drawing Sheets
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1
FRONT PROJECTION SCREEN

CROSS REFERENCE TO RELATED
APPLICATTONS

This application 1s the U.S. National Stage application of
international application number PCT/CN00/00411 filed on
Oct. 31, 2000.

TECHNICAL FIELD

The present invention relates to a front projection screen,
more particularly, to a flat front projection screen.

BACKGROUND

Current front projection screens typically adopt a curved
surface, such as a parabolic hard screen. Although they
demonstrate an excellent optical performance, higher level
of gain, and less amount of light loss, this kind of front
projection screens must demand relatively high rigid mate-
rials for manufacturing due to i1ts non-flat screen, so they
cannot be wrapped up and 1t 1s difficult to set up and carry
around. In addition, there are no black strips on the screen
so that it has to counteract the effect of ambient light by
increasing gain. Nowadays, among the existing front pro-
jection screens, there are also some flat hard screens, but
they are formed by reflection unit (spot) matrix array of a
small-sized concave surface, or by straight-line strip array
with certain angles. As a result, the optical performance of
current flat hard screens 1s substantially inferior to that of
non-iflat screens, such as a parabolic hard screen.
Furthermore, no black strips are formed on current flat hard
screens to absorb the ambient incident light, which results 1n
their lower capability to defend the ambient light.

DESCRIPTION

The objective of the present mvention 1s to provide a flat
front projection screen, which not only has the advantages of
non-ilat screens such as a parabolic type, but also forms
black-light-absorbing strips without blocking the projection
light, so as to significantly enhance the contrast of the image
and enable viewers to achieve a higher contrast plane picture
under a brightened environment.

The objective 1s realized by a front projection screen with
the following features: the front projection screen comprises
a flat screen base layer wherein a plurality of ring-shaped
secgments are configured in parallel on the surface of the
light-reflecting portion and protrude towards the outer side.
The ring-shaped segment has two external facets, one of
which faces the projection light source. They intersect each
other to form a light-reflecting portion (first side) at the
external facet that faces the projection light source while
making an ambient light-absorbing portion (second side) at
the area where 1t does not face the projection light source.
Each ring-shaped segment 1s on the common plane with the
bottom boundary of the screen base layer. The relation of
position of each ring-shaped segment’s external facet, facing
the projection light source 1n relation to the screen base layer
and all ring-shaped segments on the common plane 1s
determined by the following manner: every facet facing the
projection light source 1n all ring-shaped segments has a
common focus point to reflect the projection light in parallel.
Meanwhile, the relation of position of the external facet
which does not face the projection light source in relation to
the screen base layer and all ring-shaped segments on the
common plane 1s yet determined by the following way:
Every facet facing the projection light source 1n each ring-
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shaped segment does not block the projection light directed
towards the whole facet area that faces the light source in
adjacent ring-shaped segments so as to generate combined
black strips without causing luminous flux loss 1n between
while at the same time absorb ambient incident light.

The front projection screen can form combined black
strips at the side of the screen of light-reflecting portion,
which helps to achieve improvement in the picture contrast
and darkness of the screen without blocking the projection
light. It can absorb ambient light to diminish its effect
without causing luminous flux loss. Accordingly, when
viewed 1n a brightened surrounding, 1t develops a notably
hiech degree of gain. It can be understood that all the
ring-shaped segments on the screen are formed by breaking
parabolic surface into minute ring-shaped concave lenses
and then scatter them over the screen base layer in accor-
dance with certain rules, (That is, to reflect the light from the
focus point 1n parallel, each reflective concave surface of
ring-shaped segments possess a common Or an approxi-
mately common focus point) so that the front projection
screen, which appears flat, have the features and functions of
a parabolic type of screen. That i1s also to say, the front
projection screen forms a light-absorbing portion to prevent
it from being disturbed or influenced by the ambient light
while having optical features of a parabolic screen.
Consequently, since this screen 1s not a flat one, it can be
processed 1nto a soft screen, making it easy to set up, wrap
up and carry around.

The objective of the present invention can also be realized
by another manner: the front projection screen comprises a
flat screen base wherein a plurality of ring-shaped segments
are configured 1n parallel on the surface of the light-
reflecting portion and protrude towards the outer side. The
ring-shaped segment has two external facets, one of which
faces the projection light source. They intersect each other to
form a light-reflecting portion at the external facet that faces
the projection light source while making an ambient light-
absorbing portion at the area where 1t does not face the
projection light source. Each ring-shaped segment 1s on the
common plane with the bottom boundary of the screen base
layer. The relation of position of each ring-shaped segment’s
external facet, facing the projection light source 1n relation
to the screen base layer and all ring-shaped segments on the
common plane 1s determined by the following manner:
every facet facing the projection light source has a common
curvature center but with different curvature radius. At the
same time, the relation of position of the external facet that
does not face the projection light source 1n relation to the
screen base layer and all ring-shaped segments on the
common plane 1s yet determined by the following way:
every lacet facing the projection light source in each ring-
shaped segment does not block the projection light directed
towards the whole facet area which faces the light source in
adjacent ring-shaped segments so that 1t generates combined
black strips without bringing about luminous flux loss 1n
between.

The front projection screen can form combined black
strips at the side of the screen of light-reflecting portion,
which helps to achieve improvement in the picture contrast
and darkness of the screen without blocking the projection
light. It can absorb ambient light to diminish 1ts effect
without causing luminous flux loss. Accordingly, when
viewed 1n a brightened surrounding, 1t develops a notably
hich degree of gain. It can be understood that all the
ring-shaped segments on the screen are formed by breaking
spherical surface 1nto minute ring-shaped concave lenses
and then scatter them over the screen base 1 accordance
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with certain rules so that the front projection screen, which
appears tlat, has the features and functions of a spherical
type of screen. That 1s also to say, the said front projection
screen forms a light-absorbing portion to prevent it from
being disturbed or influenced by the ambient light while
having optical features of a spherical surface. Consequently,
since this screen 1s not a ilat one, 1t can be processed 1nto a

soft screen, making 1t easy to set up, wrap up and carry
around.

In the above-mentioned two types of front projection
screens, the light-reflecting portion formed at the external
facet, which faces the projection light source, 1s called
light-diffusing reflection portion.

In the above-mentioned two types of front projection
screens, the light-reflecting portion formed at the external
facet, which faces the projection light sources, 1s called
light-tull reflection portion.

Combined with the optical system of the projector, the
said front projection screen can produce amplified virtual

images, €.g. demonstrate a holographic effect on the projec-
tor.

In the above-mentioned two types of front projection
screens, the surface 1s a hard screen.

In the above-mentioned two types of front projection
screens, the surface 1s a soft screen.

With respect to the said front projection screen, owing to
the flexibility of the soft screen, it 1s easy to set up, wrap up
and carry around.

In the above-mentioned two types of front projection
screens, each adjacent strip, which faces the external facet of
the projection light source, 1s a curved surface with an
approximately similar size and shape or a curved surface,
which occupies an approximately equivalent vertical pro-
jection area on the screen base.

BRIEF ILLUSTRAITTON OF DRAWINGS

FIG. 1 1s a front view of the front projection screen of the
present mvention;

FIG. 2 1s a cross section view of the preferred embodi-
ment shown 1n FIG. 1; and

FIG. 3 1s an optical principle chart of the preferred
embodiment shown 1n FIG. 1.

PREFERRED EMBODIMENTS

As shown 1n FIG. 1 and FIG. 2, the front projection screen
1 consists of the tlat screen base layer 2 wherein there are a
plurality of ring-shaped segments 5 configured closely in
parallel, they protrude towards the light-reflecting side, each
ring-shaped segment 5 includes the curved surface 4 that
faces the projection light source and surface 3 that does not
face the projection light source. The bottom area of these
ring-shaped segment 5 (as underlined by dash line in FIG. 2)
are on the common plane, forming a light-reflecting portion
on the curved surface 4 where 1t faces the projection light
source and an ambient light-absorbing portion on the surface
3 where 1t does not face the projection light source. With
respect to the front projection screen 1, it appears flat when
viewed as a whole but actually 1t 1s not a flat screen,
assoclated with a plurality of minute ring-shaped retlective
concave lenses.

As shown 1 FIG. 3, the concave surface 4 1n a plurality
of the said ring-shaped segment 5§ 1s formed and defined as
following: breaking certain paraboloid ¢ mnto a number of
ring-shaped bars respectively, and employ them on a plane
d 1n parallel so as to make the corresponding focus points of
the concave surface 4 of all ring-shaped bars 5§ concentrate
on point {, namely, concave surface 4 reflects 1n parallel the
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projection light coming from the focus point f and constitute
the light-absorbing portion 3 by the following manner: the
said surface 3 does not block the projection light coming
from the focal point {, which 1s directed to the adjacent, e.g.
the concave surface 4 of a ring-shaped segment 5. However,
it 1s necessary to point out here that to screen 1, the said
paraboloid ¢ 1s a paraboloid that has a biased focus point.
Consequently, as screen 1 1s concerned, each concave sur-
face 4 of the minute paraboloid has a biased focus point.
Moreover, each concave surface 4 can be arranged 1n
vertical direction with equal arc length, such as a equals b or
can be done 1n accordance with the same height of the
vertical projection on the plane d, such as a' equals b'.

What has been described above are preferred aspects of
the present invention. It 1s of course not possible to describe
every conceivable combination of components or method-
ologies for purposes of describing the present invention, but
one of ordinary skill in the art will recognize that many
further combinations and permutations of the present inven-
fion are possible. Accordingly, the present i1nvention 1is
intended to embrace all such alterations, combinations,
modifications, and variations that fall within the spirit and
scope of the appended claims.

What 1s claimed 1s:

1. A front projection screen comprising;:

a flat screen base layer having a first sides, a second side
and a bottom boundary;

a plurality of concavely curved light-reflecting segments
on the first side of said base layer for reflecting the light
emitted from a light projection source, wherein each
light-reflecting segment of said plurality of light-
reflecting segments has a common curvature center but
a different radius of curvature; and

a plurality of light-absorbing segments for absorbing
ambient light located on said first side of said base
layer.

2. The front projection screen according to claim 1,
wherein said plurality of light-reflecting segments and said
plurality of light-absorbing segments are formed by a plu-
rality of ring-shaped bars on said first side of said base layer,
said plurality of ring-shaped bars protruding from said first
side.

3. The front projection screen according to claim 2,
wherein each ring-shaped bar 1s on a common plane with the
bottom boundary of the screen base layer.

4. The front projection screen according to claim 1,
wherein each light-reflecting segment of said plurality of
light-reflecting segments has a common focus.

5. The front projection screen according to claim 1,
wherein said plurality of light-absorbing segments do not
block the light from said light projection source.

6. The front projection screen according to claim 5,
wherein said light-absorbing segments are black.

7. The front projection screen according to claim 1,
wherein said light-reflecting segments and said light-
absorbing segments are formed 1n an alternating manner on
said first side of said base layer.

8. The front projection screen according to claim 1,
wherein said light-reflecting segments diffuse light.

9. The front projection screen according to claim 1,
wherein said light-reflecting segments fully reflect light.

10. The front projection screen according to claim 1
wherein said screen 1s a hard screen.

11. The front projection screen according to claim 1
wherein said screen 1s a soft screen.

12. The front projection screen according to claim 1,
wherein said light-reflecting segments are curved 1n shape.

13. The front-projection screen according to claim 1,
wherein each light-reflecting segment 1s a curved surface
with an approximately similar size and shape or a curved
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surface, which occupies an approximately equivalent verti-
cal projection area on the screen base.

14. The front projection screen according to claim 1
wherein at least one light-reflecting segment of said plurality
of light-reflecting segments includes a bottom boundary,
wherein each of said bottom boundary 1s 1n a common plane.

15. The front projection screen according to claim 1
wheremn each light-reflecting segment of said plurality of
light-reflecting segments has a substantially equal arch
length.

6

16. The front projection screen according to claim 1
wherein each light-reflecting segment has a height of pro-

jection onto said base layer and wherein each of said height
of projection 1s substantially equal.

17. The front projection screen according to claim 1
wherein said light-absorbing segments are arranged to fol-
low a respective line of projection from said common focus
or curvature center onto said base layer.
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